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(57) ABSTRACT

A NFC enabled device to couple inductively to the H field of
an RF signal and a regulator to regulate a voltage derived from
an RF signal inductively coupled to the inductive coupler. The
regulator has at least one voltage controlled impedance hav-
ing a switch on voltage. A regulator controller provides a
control voltage to each voltage controlled impedance such as
that the control voltage is not less than the switch on voltage
of the voltage controlled impedance.
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1
VOLTAGE REGULATION OF NEAR FIELD
COMMUNICATION COMMUNICATORS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a National Stage of International Appli-
cation No. PCT/GB2009/051605, filed on Nov. 26, 2009,
which claims the benefit of Great Britain Patent Application
No. 0821628.5.

BACKGROUND

1. Field of Invention

This invention relates to NFC enabled devices, and specifi-
cally to protecting NFC enabled devices from damaging volt-
ages.

2. Related Art

Near field communications (NFC) requires that NFC
devices be within a relatively small distance from one another
so that their corresponding magnetic fields can exchange
information. Ranges of up to several centimeters (generally a
maximum of 1 meter) are common for NFC devices. Typi-
cally, a first NFC device transmits or generates a magnetic
field modulated with the information, such as the credit infor-
mation or the ticket fare information. This magnetic field
inductively couples onto a second NFC device that is proxi-
mate to the first NFC device. The second NFC device may
respond to the first NFC device by transmitting or generating
its own modulated magnetic field and inductively coupling
this magnetic field to the first NFC device. There are several
standards in existence which set out certain communication
protocols and functional requirements for NFC and other
communications using the near field, such as ISO/IEC 14443,
ISO 15693, ISO/IEC 18092 and ISO/IEC 21481.

A NFC enabled device is a type of NFC device that is
capable of operating in an initiator mode to initiate a commu-
nication with another NFC enabled device and in a target
mode to respond to the initiation of a communication by
another NFC enabled device. The term “NFC enabled device”
includes not only the NFC enabled device but also other
initiator NFC enable devices, such as a RFID transceiver or
reader that are capable of initiating a near field RF commu-
nication and/or a RFID transponder or tag that are capable of
responding to initiation of a NFC by another NFC enabled
device to provide some examples. Hence, the NFC enabled
device can act as both a RFID transceiver and a RFID tran-
sponder and are able to communicate with other NFC enabled
devices, RFID transceivers and RFID transponders.

In addition, NFC enabled devices may be associated with
or comprised within or attached to certain peripheral devices,
for example SIM cards (e.g. UICC), secure elements,
memory devices (for example MCU, RAM, ROM and non-
volatile memory), display driver or other drivers. During
operation the NFC enabled device must also be able to com-
municate with and transfer data to and from such peripheral
device.

Components of NFC enabled devices are generally pro-
tected from damaging voltages by voltage regulators such as
shunt regulators. These regulators may have a finite response
time during which components of the NFC enabled device are
exposed to damaging voltages.

An aspect of the present invention provides a NFC enabled
device that alleviates at least some of the aforementioned
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2

problems. Further aspects and advantages of the invention
will become apparent from the detailed description that fol-
lows.

BRIEF DESCRIPTION OF THE
DRAWINGS/FIGURES

Embodiments of the invention are described with reference
to the accompanying drawings. In the drawings, like refer-
ence numbers indicate identical or functionally similar ele-
ments. Additionally, the left most digit(s) of a reference num-
ber identifies the drawing in which the reference number first
appears.

FIG. 1 illustrates a representational diagram illustrating
communication between two NFC enabled devices;

FIG. 2 illustrates a block diagram of a NFC enabled device
according to an exemplary embodiment of the invention;

FIG. 3 illustrates a block diagram of a voltage regulator
according to an exemplary embodiment of the invention; and

FIG. 4 illustrates a block diagram of a second voltage
regulator according to an exemplary embodiment of the
invention.

The invention will now be described with reference to the
accompanying drawings. In the drawings, like reference
numbers generally indicate identical, functionally similar,
and/or structurally similar elements. The drawing in which an
element first appears is indicated by the leftmost digit(s) in the
reference number.

DETAILED DESCRIPTION OF THE INVENTION

With reference to the drawings in general, it should be
understood that any functional block diagrams are intended
simply to show the functionality that exists within the device
and should not be taken to imply that each block shown in the
functional block diagram is necessarily a discrete or separate
entity. The functionality provided by a block may be discrete
or may be dispersed throughout the device or throughout a
part of the device. In addition, the functionality may incorpo-
rate, where appropriate, hard-wired elements, software ele-
ments or firmware elements or any combination of these. The
NFC enabled device may be provided wholly or partially as
an integrated circuit or collection(s) of integrated circuits.
Communication Between Two NFC Enabled Devices

Referring now specifically to FIG. 1, there is shown a
representational  diagram  illustrating communication
between two NFC enabled devices. The representations of
NFC enabled devices as shown in FIG. 1 have been shown
partly cut-away and functionalities provided by these NFC
enabled devices are illustrated by way of a functional block
diagram within each of the NFC enabled devices.

As shown in FIG. 1, a first NFC enabled device may rep-
resent a mobile telephone 1 and a second NFC enabled device
may represent a portable computer 2, such as a notebook or
laptop computer to provide some examples.

The mobile telephone 1 has the usual features of a mobile
telephone including mobile telephone functionality 10 for
controlling operation of the mobile telephone 1, an antenna 8
for enabling connection to a mobile telecommunications net-
work, and a user interface 3 with a display 4, a keypad 5, a
microphone 6, and a loudspeaker 7. The mobile telephone
also has a chargeable battery 11 coupled to a charging socket
12 to enable charging of the chargeable battery 11. The
mobile telephone 1 may have an alternative or additional
power supply (not shown in FIG. 1), for example a reserve
battery or emergency battery.
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Similarly the portable computer 2 has the usual features of
a portable computer including portable computer functional-
ity 20 such as a processor with associated memory such as
ROM, RAM and/or hard disk drive, one or more removable
media drives such as a floppy disk drive and/or a CDROM or
DVD drive, and/or a communications device for enabling the
portable computer 2 to connect to a network. The portable
computer 2 also includes a user interface 21 including a
display 22, a keyboard 23, and a pointing, device, as shown a
touchpad 24. The portable computer 2 also has a chargeable
battery 25 coupled to a charging socket 26 to enable charging
of the chargeable battery 25.

In addition, as shown in FIG. 1, the mobile telephone 1 and
the portable computer 2 include a NFC communicator 15 and
a NFC communicator 30, respectively. The NFC communi-
cators 15 and 30 are incorporated within the mobile telephone
1 and the portable computer 2, respectively, as with the other
functional blocks, may be discrete entities within the mobile
telephone 1 or the portable computer 2, or may be provided by
features dispersed throughout or integrated within or a part of
the mobile telephone 1 or the portable computer 2.

As shown in FIG. 1, the NFC communicators 15 and 30
include NFC operational components 16 and 31, respectively,
for, as will be described below, enabling control of the NFC
functionality and generation, modulation, and demodulation
of'a communications signal. The NFC communicators 15 and
30 also include an antenna circuit 17 and 32, respectively. The
antenna circuits 17 and 32 include an inductive coupling
element, such as inductor or coil to provide some examples, in
the form of an antenna 18 and 33, respectively.

The NFC communicators 15 and 30 interact with each
other to exchange information such as data and/or one or
more commands. The NFC communicators 15 and 30 may be
configured to operate according to an active communications
mode and/or a passive communications mode. The NFC
operational component 16 modulates its corresponding infor-
mation onto a first carrier wave, referred to as a modulated
carrier wave, and generates a first magnetic field by applying
the modulated carrier wave to the antenna 18. The NFC
operational component 16 ceases to generate the first mag-
netic field after transferring the information to the NFC com-
municator 30 in the active communications mode. Alterna-
tively, in the passive communications mode, the NFC
operational component 16 continues to apply the first carrier
wave without the information to the antenna 18, referred to as
an unmodulated carrier wave, once the information has been
transferred to the NFC communicator 30.

The antenna 18 is sufficiently proximate to the antenna 33
such that a communication from the NFC communicator 15is
inductively coupled onto the antenna 33. The NFC opera-
tional component 31 demodulates the communication from
the NFC communicator 15 to recover the information. The
NFC operational component 31 may respond to the informa-
tion by modulating its corresponding information onto a sec-
ond carrier wave and generating a second magnetic field by
applying this modulated carrier wave to the antenna 33 in the
active communications mode. Alternatively, the NFC opera-
tional component 31 may respond to the information by
modulating the first carrier wave that is inductively coupled
onto the antenna 33 with its corresponding information in the
passive communications mode.

The NFC communicators 15 and 30 are coupled to the
mobile telephone and portable computer functionality 10 and
20, respectively, to enable data and/or control commands to
be sent between the NFC communicators 15 and 30 and the
mobile telephone 1 or the portable computer 2, respectively,
and to enable user input to these NFC communicators. Com-
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4

munication between the user interface 3 and 21 and the NFC
communicator 15 and 30 is via the portable computer func-
tionality 10 and 20, respectively.

The NFC communicator 15 and 30 also include a power
deriver 19 and 34, respectively. The power deriver 19 and 34
may represent power supplies within the mobile telephone 1
or the portable computer 2 or specific to the NFC communi-
cators 15 and 30, for example a button cell battery, or other
small battery. The power derivers 19 and 34 may include a
coupling to derive power from the corresponding device
chargeable battery 11 and 25 i.e., the primary power supply.
The power derivers 19 and 34 may also harvest a power
source from a communications signal to adequately operate
the NFC communicator 15 and 30, respectively. In the interest
of simplicity, power supply couplings from the power deriver
19 and 34 to other components of the mobile telephone 1 and
the portable computer 2, respectively, are not shown in FIG. 1.

It will be appreciated that FIG. 1 shows only examples of
types of host devices. A host device may be another type of
electrical device such as a personal digital assistant (PDA),
other portable electrical device such as a portable audio and/
orvideo player such as an MP3 player, an [IPOD®, CD player,
DVD player or other electrical device. As another possibility,
the NFC communicator 15 and NFC communicator 30 may
be comprised within or coupled to a peripheral device, for
example in the form of a smart card or other secure element
which may be stand alone or comprised within or intended to
be inserted into another electrical device. For example, a SIM
card for use in a mobile telephone. As a further possibility,
such peripheral devices may comprise interfacing systems or
protocols such as the single wire protocol.

Also, rather than being incorporated within the host device,
the NFC communicator 15 and 30 may be associated with the
host device, for example, by a wired and/or wireless coupling.
In such a case, a housing of the NFC communicator 15 and 30
may be physically separate from or may be attached to the
housing of the host device. In the latter case, the attachment
may be permanent once made and/or the NFC communicator
15 and 30 may be removable. For example, the NFC commu-
nicator 15 and 30 may be housed within: a housing attachable
to another device; a housing portion, such as a fascia of the
NFC communicator 15 and 30 or another device; an access
card; and/or may have a housing shaped and/or configured to
look like a smart card. For example, the NFC communicator
15 and 30 may be coupled to a larger device by way of a
communications link such as, for example, a USB link, and/or
may be provided as a card (for example a PCMCIA card or a
card that looks like a smart card) which can be received in an
appropriate slot of the larger or host device.

In addition, one or both of the NFC communicators 15 and
30 may be a standalone NFC enabled device, that is it may
have no functionality beyond its NFC communications func-
tionality.

An Exemplary NFC Enabled Device

FIG. 2 shows a functional block diagram of an NFC
enabled device 100 in accordance with the invention to illus-
trate in greater detail one way in which the NFC operational
components of an NFC enabled device embodying the inven-
tion may be implemented.

In this example, the NFC enabled device 100 comprises an
NFC communicator 100a having NFC operational compo-
nents including an antenna circuit 102, power provider 104,
controller 107, data store 108, signal generator 109 and
demodulator 114.

The power provider 104 may be any one or more of the
types of power providers discussed above. In the interests of
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simplicity, power supply couplings from the power provider
104 to other components are not shown in FIG. 2.

The NFC enabled device 100 may or may not also have
and/or be capable of being connected and/or coupled with at
least one of other functionality 105 (for example functionality
of'ahost device or peripheral device such as described above)
and a user interface 106.

The NFC operational components include a demodulator
114 coupled between the antenna circuit 102 and the control-
ler 107 for demodulating a modulated RF signal inductively
coupled to the antenna circuit 102 from another NFC enabled
device in near field range and for supplying the extracted data
to the controller 107 for processing. Rectifier 200 is coupled
to provide a rectified output to regulator 310. Rectifier 200
and regulator 310 are coupled to the outputs AC1 and AC2 of
the antenna circuit. The regulator 310 sets or regulates a
voltage supply level (pin voltage) and the rectifier 200 pro-
vides rectified voltage to remainder of NFC circuit. The regu-
lator 310 sets or regulates the voltage between the outputs
AC1 and AC2 of the antenna circuit based on the voltage
supply level (pin voltage) provided by the rectifier 200. As
shown, the demodulator 114 is coupled to the antenna circuit
outputs AC1 and AC2. As another possibility, as shown in
dashed line in FIG. 2, the demodulator may receive its input
from the regulator 310. As a further possibility, the demodu-
lator may receive its input from the rectifier 200.

Together the rectifier 200 and regulator 310 protect the
NFC operational components from high voltages received at
antenna circuit 102. For example, the regulator may limit the
voltage to 3.3 volts. Any suitable regulator and rectification
circuit can be used for this. The NFC operational components
may also include an amplifier for amplifying an RF signal
inductively coupled to the antenna circuit 102.

In addition, the NFC operational components include com-
ponents for enabling modulation of an RF signal to enable
data to be communicated to another NFC enabled device in
near field range of the NFC communicator 100a. As shown in
FIG. 2, these components comprise the signal generator 109
coupled via a driver 111 to the antenna circuit 102. In this
example, the signal generator 109 causes modulation by gat-
ing or switching on and off the RF signal in accordance with
the data to be communicated. The NFC communicator 100a
may use any appropriate modulation scheme that is in accor-
dance with the standards and/or protocols under which the
NFC communicator 100a operates. As another possibility a
separate or further signal controller may be incorporated
within the NFC operational components to control modula-
tion of the signal generated by the signal generator 109 in
accordance with data or instructions received from the con-
troller 107.

The NFC operational components also include the control-
ler 107 for controlling overall operation of the NFC commu-
nicator 100a. The controller 107 is coupled to the data store
108 for storing data (information and/or control data) to be
transmitted from and/or data received by the NFC enabled
device. The controller 107 may be a microprocessor, for
example a RISC processor or other microprocessor or a state
machine. Program instructions for programming the control-
ler and/or control data for communication to another NFC
enabled device may be stored in an internal memory of the
controller and/or the data store.

The NFC communicator 100a may operate in an initiator
mode (that is as an initiating NFC communicator) and/or a
target mode (that is as a responding NFC communicator),
dependent on the mode to which the NFC communicator
100a is set. The mode may be determined by the controller
107 and/or may be determined in dependence on the nature of
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a received near field RF signal. When in initiator mode, the
NFC communicator 100« initiates communications with any
compatible responding NFC enabled device (for example an
NFC enabled device in target mode or an RFID tag or tran-
sponder) that is in its near field range, while when in target
mode the NFC communicator 100a waits for a communica-
tion from a compatible initiating NFC enabled device (for
example an NFC enabled device in initiator mode or an RFID
initiator or transceiver). As thus used, compatible means
operable at the same frequency and in accordance with the
same protocols, for example in accordance with the protocols
set out in various standards such as ISO/IEC 18092, ISO/IEC
21481, ISO/IEC 14443 and ISO/IEC 15693. NFC enabled
devices commonly operate at or around 13.56 MHz.

When in initiator and/or target mode, the NFC communi-
cator 100a may communicate in accordance with an active or
passive protocol. When using an active protocol, the NFC
communicator 100g will transmit an RF field and following,
completion of its data communication turn off its RF field.
The responding NFC enabled device (target) will then trans-
mit its own RF field and data before again turning off the RF
field and so on. When using a passive protocol the NFC
communicator 100q (initiator) will transmit and maintain its
RF field throughout the entire communication sequence. The
protocol used will depend on instructions received from the
controller 107 and the response received from a responding
NFC enabled device.

In FIG. 2, control of operation of the NFC communicator
100qa is through the controller 107. As another possibility
where the NFC communicator 1004 is comprised as part of a
host device, control of the operation of the NFC communica-
tor 100a may be directed by the host device, for example
through other functionality 105. In such circumstances, all or
part of the control may be provided by other functionality
105. For example, the controller 107 may control modulation
and modulation protocols whereas the data to be transmitted
may be provided by other functionality 105.

The NFC communicator 100a also comprises an antenna
circuit 102. The design of the antenna circuit will depend on
the NFC communicator 100a and the environment in which it
operates. For example, the antenna circuit 102 may be in the
form described for co-pending international patent applica-
tion number PCT/GB2008/000992 (which claims priority
from GB 0705635.1).

Examples of regulators that may be used in the NFC com-
municator 100a such as that shown in FIG. 2 will now be
described.

A First Exemplary Voltage Regulator

FIG. 3 shows a regulator according to an example of the
invention.

The example of FIG. 3 shows a voltage regulator compris-
ing: transistors 501, 502, 503, 504, and 505; amplifier 506; a
ground and/or reference voltage connection; a reference cur-
rent source; and two regulator connectors AC1 and AC2. In
the interests of clarity not all components or connections, for
example power supply connections, have been shown. In this
example the Transistors 501, 502, 503, 504 and 505 are tran-
sistors having identical or at least substantially identical char-
acteristics, for example identical threshold voltages.

Amplifier 506 has two input terminals 507 and 508 and an
output terminal 509. Input terminal 507 is coupled to the
voltage supply level (pin voltage) Vdd provided by the recti-
fier and input terminal 508 is coupled to a reference voltage
VREF. Each of transistors 501, 502, 503, 504, and 505 have a
first and second main electrode and a control electrode.

Transistors 501 and 502 provide voltage controlled imped-
ances coupling respective regulator connectors AC1 and AC2
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to ground. The control electrodes of 501 and 502 are coupled
to the output terminal 509 of amplifier 506. The control elec-
trode and the first main electrode of transistor 504 are both
coupled to the control electrode of transistor 505 and to a
reference current source. The second main electrode of tran-
sistor 504 is coupled to the control electrode and the first main
electrode of transistor 503. The second main electrode of
transistor 503 is coupled to a ground or reference voltage
connection. The first main electrode of transistor 505 is
coupled to the local supply (or as another possibility to a
current source) and the second main electrode of transistor
505 is coupled to the output terminal 509 of amplifier 506.

The transistors 504 and 505 form a current mirror, the
current between the first and second main electrodes of tran-
sistor 505 mirrors the current between the first and second
main electrodes of 504. The voltage drop across the first and
second main electrodes of transistor 503 is the threshold
voltage of the transistor 503, for example 0.4V. The same is
true of transistor 504 and of transistor 505, because transistor
505 mirrors the current passed by transistor 504. In other
words transistor 505 will draw the current required to hold the
amplifier output 509, and the control electrodes of 501 and
502, at the threshold voltage of transistor 503.

FIG. 3 depicts an arrangement in which amplifier 506 is
used in combination with a voltage setter 503, 504, 505 to
provide a control voltage based on the difference between
Vdd and VREF wherein the control voltage is not less than the
threshold voltage of shunt elements 501 and 502. In another
example voltage setting functionality is included in amplifier
506.

A Second Exemplary Voltage Regulator

FIG. 4 shows components of another regulator according
to the invention, in the interests of clarity not all components
or connections have been shown.

In the example of FIG. 4, an amplifier 506' includes a
voltage setter to provide a control voltage not less than the
threshold voltage of shunt elements 501 and 502.

As will be clear to one of skill in the art, the example of
FIG. 4 provides a differential amplifier 506' comprising a
differential transistor pair 701 and 702 and a configuration of
current mirrors 703, 704 and 705. This amplifier is ancillary
to the invention and will not be described in detail. Any
appropriate form of amplifier could be used.

The control electrodes of transistors 701 and 702 serve as
respective amplifier inputs 724 and 725. Amplifier input 724
is coupled to voltage supply level (pin voltage) Vdd and
amplifier input 725 is coupled to a reference voltage VREF.
Current source 709 is coupled to a supply voltage Vpp. The
current from the current source 709 sets the bleed and tail
currents in the amplifier. Current mirror 706 comprises tran-
sistors 706a and 7065 each having first and second main
electrodes and at least one control electrode. The first and
second main electrodes of 706a and 7065 provide the con-
duction paths or “legs” of the current mirror. The control and
first main electrode of transistor 706a are coupled to the
control electrode of 7065 to provide a “spine”. Leg 706a
couples current source 709 to Vss and leg 7065 couples the
second main electrode of 701 and 702 (the “tail” of the dif-
ferential pair 701, 702) to Vss.

The first main electrode of transistor 707 is coupled to the
first main electrode of transistor 702. The second main elec-
trode of transistor 707 is coupled to Vss. The control electrode
of transistor 707 is coupled to the control electrodes of 7064
and 7065 of current mirror 706.

The first main electrode of transistor 708 is coupled to the
first main electrode of transistor 701. The second main elec-
trode of transistor 708 is coupled to Vss. The control electrode
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of transistor 708 is coupled to the control electrodes of 706a
and 7065 of current mirror 706.

Transistors 501 and 502 provide voltage controlled imped-
ances coupling respective regulator connectors AC1 and AC2
to ground. The control electrodes of 501 and 502 are coupled
to the output terminal 509' of amplifier 506'.

The control electrode and first main electrode of transistor
710 is coupled to amplifier output 509' and current mirror
704.

Current source 709 sets the current in the amplifier tail
7065 and in the transistors 707 and 708. The configuration of
707 and 708 means that they draw “bleed-currents” from
current mirrors 703 and 704. These bleed currents are present
independent of the presence or absence of a voltage differ-
ence between the amplifier inputs 724 and 725. This means
that there is always some current flowing through amplifier
legs 720 and 721. Passing this current through transistor 710
ensures that the voltage difference between amplifier output
509' and the point 722 is maintained at a voltage not less than
the threshold voltage of transistor 710.

As is known in the art there is a transient period or transi-
tion time associated with the time taken for a transistor to
move from a non-conducting to a conducting state. In the
example of FIG. 3, voltage controlled shunt impedances are
provided by transistors 501 and 502.

Two examples of the invention have been described, as will
be appreciated by the skilled practitioner these are linked by
a single inventive principle.

The principle common to the described examples is that, in
a shunt voltage regulator, the voltage at the control electrode
of the regulating transistor (shunt impedance) should be
maintained at a voltage not less than the threshold voltage of
that regulating transistor.

Advantageously this enables the voltage controlled imped-
ance to be controlled more quickly. This is because, where the
control voltage is manipulated in this way a conduction chan-
nel is always present, or on the point of being formed, in the
shunt impedance so conduction can start quickly. In addition,
because the voltage at the control electrode is at or near the
threshold voltage the response time required to start regulat-
ing by controlling the shunt gate is reduced. Therefore, volt-
age regulators which are examples of the invention respond
more rapidly to changes in control voltage and “overshoot” of
the regulated voltage is reduced. This means that components
of NFC communicator are protected more effectively from
damaging voltages. The use of this method means that the
shunt is never hard off and at high impedance and then has to
cross-over into lower shunted impedance, that is there is no
sudden step change in impedance.

Current mirrors depicted in the drawings have been shown
as having a one to one ratio, as will be appreciated other ratios
may be used. For example, single transistors may be replaced
by appropriate configurations comprising multiple transis-
tors. As will be understood by the skilled practitioner, any
appropriate three terminal switch may be used in place of the
depicted NMOS and PMOS transistors. For example, where
NMOS or PMOS transistors have been shown these may be
replaced by appropriate configurations of different MOS
transistors, bipolar transistors or other suitable three terminal
switch components.

As will be appreciated by the skilled practitioner, the term
threshold voltage refers to the voltage required to form a
conduction channel in a MOS transistor and the actual voltage
will vary depending on operational and geometric con-
straints. In other examples, the term threshold voltage should
be understood to mean the voltage required to switch on any
voltage controlled impedance. In addition, where bipolar
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transistors are used the threshold voltage should be under-
stood to mean the switch on voltage of the bipolar transistor,
for example 0.7 Volts.

Where as described above transistors are said to have sub-
stantially identical characteristics, this may mean that they
are matched, that is that they are manufactured using the same
process conditions (they may be integrated with one another)
and in the case of MOS transistors may, in addition to having
the same threshold voltages, have the same channel width-to-
length (W/L) ratios as well or channel width-to-length (W/L)
ratios in a known ratio to one another.

The regulators shown in FIGS. 3 and 4 may be imple-
mented in the NFC communicator shown in FIG. 2 to provide,
although not shown in FIG. 2, a rectified power supply for
other functionality of the NFC communicator. The various
supply voltages and current sources required by the regulators
shown in FIGS. 3 and 4 may be provided by appropriate
supply voltages and current sources available within the NFC
communicator. AC1 and AC2 would in these circumstances
be provided by the antenna circuit 102 outputs and the inputs
to the amplifier (inputs 507 and 508 in FIG. 3 and inputs 724
and 725 in FIG. 4) by a voltage to be regulated and a reference
voltage, respectively. Examples of how the inputs to the
amplifier may be provided are described in UK Patent Appli-
cation No. 0722516.2 and the corresponding PCT application
PCT/GB2008/003842 which claims priority therefrom, the
whole contents of both of which are hereby incorporated by
reference. It will be apparent to the skilled man that the same
system could be used in any near field RF communicator
requiring a regulator and at any appropriate location in a near
field RF communicator where regulation may be required.

CONCLUSION

The above embodiments are to be understood as illustrative
examples of the invention. Further embodiments of the inven-
tion are envisaged. It is to be understood that any feature
described in relation to any one embodiment may be used
alone, or in combination with other features described, and
may also be used in combination with one or more features of
any other of the embodiments, or any combination of any
other of the embodiments. Furthermore, equivalents and
modifications not described above may also be employed
without departing from the scope of the invention, which is
defined in the accompanying claims.

What is claimed is:
1. A near field communications (NFC) enabled device,
comprising:
a rectifier configured to rectify an output of an antenna
circuit to provide a rectified output; and
a regulator configured to regulate an output of the antenna
circuit based upon the rectified output, the regulator
comprising:
an amplifier configured to determine a difference
between the rectified output and a reference voltage to
provide a control signal, the amplifier comprising:
a differential transistor pair, wherein each transistor
of the differential transistor pair configured to be a
respective amplifier input,
a first transistor and a second transistor configured to
draw a bleed current,
a first current mirror configured to couple the differ-
ential transistor pair to a voltage source;
a second current mirror and a third current mirror
respectively coupled to the first transistor and the
second transistor; and
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a voltage setter configured to combine the bleed current
with the control signal; and

a plurality of voltage controlled impedances configured
to regulate the output of the antenna circuit based
upon an output of the voltage setter, wherein:

the bleed current causes the plurality of voltage con-
trolled impedances to be active; and

each of the plurality of voltage controlled impedances
couples a respective output of an antenna circuit to
ground.

2. The NFC enabled device of claim 1, wherein each of the
plurality of voltage controlled impedances comprises:

a metal oxide semiconductor field-effect transistor (MOS-

FET); or

a bipolar junction transistor (BJT).

3. The NFC enabled device of claim 1, wherein the voltage
setter comprises:

a third transistor and a fourth transistor configured as a
current mirror, the fourth transistor being configured to
mirror a reference current that flows through the third
transistor to provide the bleed current.

4. The NFC enabled device of claim 3, wherein the voltage

setter further comprises:

a fifth transistor configured to cause the reference current
to flow through the first transistor.

5. The NFC enabled device of claim 4, wherein the output
of'the voltage setter is greater than a threshold voltage of the
fifth transistor.

6. The NFC enabled device of claim 5, wherein thresholds
of'the plurality of voltage controlled impedances are substan-
tially equal to the threshold voltage of the fifth transistor.

7. The NFC enabled device of claim 4, wherein the voltage
setter is further configured to ensure that a voltage difference
between the control signal and an electrode of one of the
plurality of voltage controlled impedances is not less than a
threshold voltage of the fifth transistor.

8. The NFC enabled device of claim 1, wherein the ampli-
fier comprises:

a differential amplifier configured to determine the differ-
ence between the rectified output and the reference volt-
age.

9. The NFC enabled device of claim 1, wherein the antenna
circuit is configured to receive an inductively coupled com-
munication to provide a recovered communications signal.

10. The NFC enabled device of claim 9, wherein the regu-
lator is further configured to regulate a power level of the
recovered communications signal.

11. The NFC enabled device of claim 10, further compris-
ing:

a demodulator configured to demodulate the recovered
communication signal to provide recovered informa-
tion.

12. The NFC enabled device of claim 1, wherein the ampli-

fier further comprises:

a current source configured to set the bleed current and a
tail current in the amplifier;

a fourth current mirror configured to draw a current from
the second and third current mirrors; and

a third transistor coupled between the third current mirror
and the fourth current mirror.

13. A near field communications (NFC) enabled device,

comprising:

a receiver configured to receive a communications signal;

a rectifier configured to rectify an output of the receiver to
provide a rectified output; and
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a regulator configured to regulate an output of the receiver
based upon the rectified output, the regulator compris-
ing:
an amplifier configured to a difference between the rec-

tified output and a reference voltage to provide a con-

trol signal, the amplifier comprising:

a differential transistor pair, wherein each transistor
of the differential transistor pair is configured to be
a respective amplifier input,

a first transistor and a second transistor configured to
draw a bleed current,

a first current mirror configured to couple the differ-
ential transistor pair to a voltage source;

a second current mirror and a third current mirror
respectively coupled to the first transistor and the
second transistor; and

a voltage setter configured to combine a bleed current
with the control signal; and

a plurality of voltage controlled impedances configured
to regulate the output of the receiver based upon an
output of the voltage setter, wherein:

the bleed current causes the plurality of voltage con-
trolled impedances to be active; and

each of the plurality of voltage controlled impedances
couples a respective output of an antenna circuit to
ground.

14. The NFC enabled device of claim 13, wherein each of
the plurality of voltage controlled impedances comprises:

a metal oxide semiconductor field-effect transistor (MOS-

FET); or

a bipolar junction transistor (BIT).

15. The NFC enabled device of claim 13, wherein the
receiver is configured to receive an inductively coupled com-
munication to provide a recovered communications signal.

16. The NFC enabled device of claim 15, wherein the
regulator is configured to regulate a power level of the recov-
ered communications signal.

17. The NFC enabled device of claim 16, further compris-
ing:

a demodulator configured to demodulate the recovered
communication signal to provide recovered informa-
tion.

18. The NFC enabled device of claim 13, wherein the

amplifier further comprises:

a current source configured to set the bleed current and a
tail current in the amplifier;

a fourth current mirror configured to draw a current from
the second and third current mirrors; and

a third transistor coupled between the third current mirror
and the fourth current mirror.

19. A near field communications (NFC) enabled device,

comprising:

12

a host device; and
a NFC device coupled to the host device, the NFC device
comprising:
a rectifier configured to rectify an output of an antenna
5 circuit to provide a rectified output; and
a regulator configured to regulate an output of the
antenna circuit based upon the rectified output, the
regulator comprising:
an amplifier configured to determine a difference
between the rectified output and a reference voltage
to provide a control signal, the amplifier compris-
ing:

a differential transistor pair, wherein each transis-
tor of the differential transistor pair is configured
to be a respective amplifier input,

a first transistor and a second transistor configured
to draw a bleed current,

a first current mirror configured to couple the dif-
ferential transistor pair to a voltage source;

a second current mirror and a third current mirror
respectively coupled to the first transistor and the
second transistor; and

avoltage setter configured to combine a bleed current
with the control signal; and

a plurality of voltage controlled impedances config-
ured to regulate the output of the antenna circuit
based upon an output of the voltage setter, wherein:

the bleed current causes the plurality of voltage con-
trolled impedances to be active; and

each of the plurality of voltage controlled impedances
couples a respective output of an antenna circuit to
ground.

20. The NFC enabled device of claim 19, wherein the host

device comprises a mobile telephone.

21. The NFC enabled device of claim 19, wherein the host

device comprises a portable computer.

22. The NFC enabled device of claim 19, wherein the host

device comprises:

a long range communicator configured to transmit or
receive a communications signal outside a maximum
operable range of NFC.

23. The NFC enabled device of claim 19, wherein the

amplifier further comprises:

a current source configured to set the bleed current and a
tail current in the amplifier;

a fourth current mirror configured to draw a current from
the second and the third current mirrors; and

a third transistor coupled between the third current mirror
and the fourth current mirror.
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